Limiting heat loss during surgery in small animals
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Operating room (or ambient) temperatures (t°amb) seldom exceed the core body temperature (t°core) of domestic species, so during anaesthesia, when thermoregulatory mechanisms are impaired, dogs (redondo and others 2012b) and cats (redondo and others 2012a) lose heat down thermal gradients at rates proportional to the environment -animal temperature difference. Hypothermia produces effects aggravating other problems arising from anaesthesia including: alveolar hypoventilation, reduced cardiac output, renal and splanchnic blood flow, glomerular filtration rate and liver metabolism with delayed drug detoxification, increased blood viscosity, a 'left-shifted' oxyhaemoglobindissociation curve, dysrhythmias, metabolic acidosis, prolonged coagulation time, and hyperglycaemia (Stine 1977) .
paradoxically, these derangements may be exacerbated by thermoregulatory reflexes responding to subnormal t°core values during recovery from anaesthesia. For example, the effects of reduced oxygen delivery arising from blood hyperviscosity and left-shifted oxyhaemoglobin may worsen because shivering increases whole body oxygen consumption (Hemingway 1963) .
R. Eddie Clutton, BVSc, MRCVS, DVA, DiplECVAA, MRCA, Royal (Dick) School of Veterinary Studies, Easter Bush, Roslin, Midlothian, EH25 9RG, UK e-mail: e.clutton@ed.ac.uk the reported effects of postoperative hypothermia on the pain experience of people are conflicting (Benson 2012) , although 'thermal comfort', an important aspect of postoperative wellbeing, is consistently reduced by hypothermia (Okeke 2007) . there is limited evidence that similar problems (eg, prolonged recoveries from anaesthesia) also occur in hypothermic small animals (pottie and others 2007), although others, such as wound breakdown, do not (Beal and others 2000) .
Such studies highlight the benefits of ensuring a patient's t°core remains close to normal before full recovery from anaesthesia occurs. For this reason, and because the capacity to supply heat is limited by the tissue-damaging potential of temperatures much in excess of 40°C (pope 2003), intraoperative heat loss prevention is preferable to postoperative temperature restoration in both people (niCe 2008) and dogs (Oncken and others 2001, armstrong and others 2005) . there are many interventions that limit intraoperative heat loss, including the use of warm air blankets, infra-red lamps, circulating warm water beds, hot water bottles, warmed intravenous fluids, gastric lavage and warmed inhaled anaesthetic gases. these methods vary in cost, practicality, convenience and efficacy, and determining the most appropriate measures remains a challenge.
Irrigation fluids
During surgery, evaporative and convective heat losses from surgical wounds are theoretically reduced using irrigation fluids (iFs) warmed to levels exceeding the subject's t°core. Fluids at t°amb reduce evaporative losses but may cause direct cooling. Studies in people have established the benefits of warming iFs during arthroscopy (Kim and others 2009) , thoracotomy (Kjaergaard and Bach 2006) laparoscopy (Moore and others 1997) and prostatectomy (Okeke 2007) . Furthermore, the current niCe guidelines warn that iFs at t°amb significantly increase the risk of inadvertent perioperative hypothermia and propose that it is clinically negligent not to warm all iFs used intraoperatively to 38°C to 40°C (niCe 2008) . Similar studies in dogs have shown similar benefits during thoracotomy (Brunette and others 1987) but not arthroscopy (thompson and Macfarlane 2013).
Significant heat loss is likely during coeliotomy because the insulating function of the outer layer is lost, exposing the core body compartment to t°amb through an expansive, vascular and moist surface (Sessler 2000) . peritoneal lavage (pL) is often done throughout abdominal surgery to dilute contaminants and loosen debris before suctioning. intuitively, using warmed iFs to acheive this should additionally restore lost heat by convective transfer of heat from lavage solution to tissue. However, while the use of warm lavage solutions is widely accepted, little is known regarding its effects on t°core in small animals. in laparoscopic surgery, people receiving warmed iFs had higher postoperative t°core values than those receiving solutions at t°amb (Moore and others 1997) . However, many papers describing the incidence and treatment of hypothermia in dogs (pottie and others 2007, Oliver and others 2010, redondo and others 2012a) and cats (Haskins 1981 , redondo and others 2012b) overlook pL as a strategy for increasing postoperative body temperature.
Turning up the heat
Using experimental dogs, nawrocki and others (2005) attempted to determine whether warmed iFs increased t°core or simply retarded heat loss after abdominal surgery. they compared the effects of fluids at ambient (21±1°C) and higher (43±2°C) temperatures on animals whose mean t°core values before lavage were 34.8°C and 34.2°C, respectively. Unsurprisingly, they recorded statistically significant cooling effects with the former, and similarly significant warming effects with the latter. as the animals were euthanased under anaesthesia, there was no opportunity to observe any adverse effects after treatment. this was unfortunate because the mean recorded temperatures in some dogs receiving fluids at 21±1°C reached 28.2°C, a temperature at which ventricular fibrillation has spontaneously arisen in anaesthetised dogs (Covino and others 1955) . Similarly, the use of fluids at 43±2°C has been associated with tissue damage in anaesthetised people (Cornell 2012) and may be painful in conscious animals (Lascelles 2012) . For these reasons, the use of iFs at these temperatures cannot be recommended in animals until further information becomes available.
in a paper summarised on p 498 of this issue of Veterinary Record, Barnes and colleagues (2017) report a similar study involving small dogs and cats undergoing coeliotomy, but using iFs at 34±1°C and 40±1°C, which were within the range of rectal temperatures recorded in their hospital. the hypothesis tested was that an increase in temperature would be detected in dogs and cats receiving lavage solutions warmer than their body temperature. Unsurprisingly, this was confirmed. although the effect was consistent, it was modest (oesophageal and rectal temperatures rose by 0.9°C and 0.8°C, respectively) and brief (mean temperatures fell 0.3°C after the cessation of lavage). Despite differences in irrigation techniquethe total volumes infused, the 'dwell' times and the total duration of lavage -data from both studies confirm that the hotter the iF the greater the warming effect.
Barnes and others (2017) also found that pL with mildly hypothermic (34.0±1°C) crystalloid solutions reduced oesophageal and rectal temperatures by 0.5 °C (an effect which persisted until the end of anaesthesia). this is unsurprising, as cold peritoneal fluids are used to deliberately reduce brain temperatures after cardiac arrest in people (deWaard and others 2013).
in a study using dog models, Xiao and others (1995) instilled two litres of lavage solution into the abdomen at 10°C for five minutes before draining and found brain temperature decreased by a mean of 0.3°C/ min (12 minutes to 34°C), while t°core decreased even more rapidly (0.8°C/min; five minutes to 34°C). even the infusion of fluids at t°amb produced marked effects: nawrocki and others (2005) used solutions at 21±1°C and mean t°core fell to 32.3°C within 15 minutes. given this demonstrable efficiency of pL to produce hypothermia, it is surprising that Barnes and other (2017) introduced iF known to be cooler than the oesophageal (36.3 °C) or rectal (36.6°C) temperature in the first place. presumably, during coeliotomy, an intent to warm has to be balanced against the need to dilute contaminants and loosen debris before suctioning for removal. it may also be argued that using iFs marginally colder than t°core may reduce evaporative losses to a greater extent than they cool tissues, although most studies in people do not support this.
Irrigation technique
the warming effects of iFs on t°core may depend on the irrigation technique used. Barnes and others (2017) repeated the process of filling the peritoneal cavity to capacity with lavage solution for 30 seconds before full evacuation by suction, until 200 ml/kg of solution had been used. in contrast, nawrocki (2005) maintained a full abdominal cavity for 15 minutes by infusing fluid into the abdomen at a rate exactly equalling its removal by suction. in the former study, t°core reached a maximum six minutes after lavage began, followed by a slow decline (Barnes and others 2017) . in the latter, t°core rose steadily throughout infusion in a linear fashion. While the absolute temperatures of iF (t°iF) used may have been influential, it is possible that the periodic emptying of the peritoneal cavity in the first study enhanced evaporative losses. neither technique appeared to influence the pattern of heat loss when fluids at t°amb were used: heat loss was linear and inexorable in both studies. Barnes and others (2017) reported that t°iF could fall to between 34°C and 35°C before use, even when transferred promptly from purpose-designed fluid warming cabinets set at 37°C. this suggests a benefit in presetting greater cabinet temperatures. However, a potential problem with this is tissue damage caused by applying fluids that are too hot.
Surprisingly, information on 'safe' temperatures for pL solutions is scant, presumably because the damaging effects of over-heated fluids depend on the duration of exposure and the tissue(s) involved, such as the liver, intestine or diaphragm (Yarmolenko and others 2011) , and may be ameliorated by factors which are difficult to quantify (ie, local vasodilatation and hyperaemia). that said, studies in rats indicate a temperature of 43°C sustained for During surgery, evaporative and convective heat losses from surgical wounds are theoretically reduced using irrigation fluids warmed to levels exceeding the subject's core body temperature 20 or more minutes produces acute intestinal injury (Lambert and others 2002) . given the uncertainly concerning 'safe' temperatures for iFs, it seems prudent to directly measure the temperature of iFs immediately before use and withhold those which are below the animal's t°core or in excess of 43°C.
'Dwell time'
the 'dwell time' for peritoneal fluids, and the total volume infused was set by Barnes and colleagues (2017) at 30 seconds and 200 ml/kg. accepting some differences in the periods over which fluid was removed, larger differences in lavage duration from three to 10 (group 1) and four to 15 minutes (group 2) reveals great variation in abdominal volumetric capacity. this in turn suggests that using fixed volumes for prescribed 'dwell times' may not produce the desired effect in all animals subsequently treated. Logically, fluids warmed above t°core but less than 43°C should be circulated continuously in a capacity-filled abdomen until t°core reaches 0.3°C in excess of target values. Such a process is commercially realised in the Velomedix automated lavage system, albeit for a different purpose (deWaard and others 2013).
The effect of body mass
it is generally assumed that intraoperative heat loss is inversely related to body mass. However, such an effect has not been demonstrated in dogs (pottie and others 2007, redondo and others 2012b), cats (redondo and others 2012a) or people (Hooper and others 2009 ). in the current study, Barnes and others (2017) recognised the importance of the incision size as a potential determinant of heat loss, but did not examine the effect of body mass. this may be revealing given that they appeared to have identified considerable variation in abdominal capacity, which may or may not be linked.
Future research
Future research aimed at reducing the incidence and magnitude of postoperative hypothermia in small animals should first focus on managing the risk factors described by redondo and others (2012a, 2012b) . these include the duration of the preanesthetic and anaesthetic periods; the animal's physical condition; the reason for anaesthesia and the animal's body position. this would allow the relative importance of postcoeliotomy pL to be established before considering the need to refine pL techniques themselves.
the findings of both Barnes and others (2017) 
Addressing adverse effects
Clearly, the 'therapeutic window' provided by pL is narrow. Minimising adverse effects would involve: continuously monitoring t°core and t°iF and withholding fluids which are too hot, or less than or similar to the recipient's core temperature. irrigated fluids should be removed before their temperature reaches t°core and in a manner that minimises evaporative losses by maintaining abdominal volume at capacity.
Until the time when those working with anaesthetised animals are able to do so at t°amb values equal or greater than those of their subjects, the risk of perioperative hypothermia will persist. the risk will depend on numerous factors but will be reduced by measures preventing heat loss. in this regard, warm peritoneal fluid irrigation has a positive role after coeliotomy. However, a preoccupation with this single measure should probably not be allowed to predominate over other important considerations.
